The complex formation between different disubstituted diazacrown ethers and alkali and alkaline earth cations has been studied using different experimental techniques. Due to the low solubility of these ligands calorimetric and Potentiometrie titration are not suitable for the determination of the complex stabilities. However in the presence of salts the solubility of the ligands increases. These data enable the calculation of the stability constants. The unsubstituted ligand l,10-diaza-18-crown-6 forms no detectable complexes with alkali ions but with alkaline earth cations in aqueous solution. All substituted diazacrown ethers form complexes with both alkali and alkaline earth cations. The chemical structure of the side arms has no influence upon the complex stabilities. Thus in aqueous solution no cation-π interactions can be detected.
Introduction
A large number of macrocyclic (crown ethers) and macrobicyclic ligands (cryptands) has been synthesized. The formation of cation complexes with these ligands has been studied in detail and the results have been summarized [1] [2] [3] . The solvation of both cations and ligands has a strong influence upon the stability of the complexes formed. With the knowledge of the thermodynamic data of the complex formation the effect of solvation can be discussed in detail [4] , On the other side the number and the kind of donor atoms of the crown ethers or cryptands has an even more pronounced influence on the complex stability. The substitution of one oxygen donor atom by a nitrogen or sulfur atom of the ligand 18-crown-6 reduces the stability of alkali complexes drastically [5] . In contrast these substitions enhance the stability of some complexes with transition metal ions.
The macrobicyclic ligands are able to encapsulate the cations into a cavity and to reduce thereby the interactions with solvent molecules. In cation complexes with macrocyclic ligands the cation still interacts with surrounding solvent molecules. As a result complexes of alkali and alkaline earth cations with macrocyclic ligands are less stable compared with macrobicyclic ligands. The stability of the complexes also depends on the fit of the cation into the cavity of the ligands. The highest stability constants are observed if the size of the cavity and the cation are nearly identical.
To increase the number of donor atoms of the macrocyclic ligands side arms with additinal donor atoms have been attached. These crown ethers derivatives have been named lariat ethers [6, 7] , Only a small increase of the reaction enthalpy values is found [8] , Obviously in solution only weak interactions take place between the complexed cation in the cavity of the macrocyclic ligand and the additional donor atoms in the side chains. However crystallographic structures of these complexes reveal the participation of the side arms in encapsulating the cation [9] . Lariat ethers with aromatic groups in the side chains show cation-π interactions in the solid state [10] [11] [12] . Due to solubility problems of these ligands in polar solvents no stability constants have been reported so far.
Experimental
The diazacrown ethers (22) and (22DD) were commercial samples (Merck) and used without further purification. The ligands (22TT) [13, 14] and (22MaMa) [9] were prepared by the reaction of the ligand (22) with the corresponding chlorides as described in the literature. These synthesized ligands have already sufficently been characterized [13] , The structures of all ligands used are given in Figure 1 . As salts NaCl, KCl, RbCl, CsCl, CaCl 2 , SrCl 2 , BaCl 2 (all Merck) and tetramethylammonium Perchlorate (TEAP, Fluka) were used. They were of the highest purity commercially available. As solvent bidistilled water was used. With the ligand (22) pH-metric titrations were performed in the presence of alkali and alkaline earth salts. The ionic strength of the solutions was kept constant at 1= 0.05 mol Γ 1 using TEAP. Within the accuracy of the titrations no complex formation could be detected. The detailed experimental procedure has already been published [15] .
Also calorimetric titrations with the ligand (22) and these salts were used for the determination of stability constants. During this titrations a solution of the corresponding ligand (0.06-0.08 mol/1) was added continously to a solution of the salt (3 10" 3 -5 10' 3 mol/1). The measured heat Q is related to the reaction enthalpy ΔΗ and the number of moles of the complexes formed Δη by the following equation:
Δη depends on the stability of the complex. The calculation of the stability constants from the thermograms has been described in the literature in detail [16] [17] [18] [19] , Unfortunately only in the case of the alkaline earth salts the heat produced during the titration was sufficient for the calculation of complex stabilities.
The solubility of all other ligands in aqueous solution is rather small. Thus the commonly used experimental techniques for the sudy of complexation reactions with cations cannot be used. Under these
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Vol. 25, No. 9, 2002 circumstances the increase in solubility of the substituted diazacrown ethers in aqueous solution of salts could be used for the determination of the stability constants. This method had already been described [20-261. The solid ligands were added to the salt solutic>ns with different concentrations (2*10' 3 -2*10" 2 mol Γ). The amount of solid ligand was always high enough to ensure the formation of saturated solutions. After 48 h the solutions were passed through membrane filters (Polycarbonate, 0.4μηι). After this time the dissolution of the ligands was complete. All solutions were thermostated at 25 °C. The resulting solutions were analysed using spectrophotometric methods (Cary 5E, Varian) or by the measurement of the total organic carbon content TOC (TOC-5050, Shimadzu).
Treatment of the solubility measurements
In solution the following reaction between a ligand L and a cation M n+ takes place:
The stability constant is given by:
Due to the low solubility of the ligand and the presence of undissolved ligand the salt solutions are saturated with respect to the ligand. The total concentration of the ligand c, ot is given by:
The concentration c tot can be calculated using the absorbance or the TOC-value of the solution. However depending on the experimental method used to determine the concentration the measured signal S is not directly correlated to the total concentration:
with the proportionality factor f. This factor f may be different for ligand and complex. As a result one gets from equation (3) and (4) with f L and f LM as proportionality factors:
The first term in equation (5) is constant:
Using equation (2), (3) and (6) From this slope, the stability constant of the complex formed can be calculated: 
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Under these conditions or respectively these assumptions the slope b is identical with the stability constant.
The total organic carbon content in the salt solutions is directly correlated to the total concentrations of the ligand in solution. Therefore the factors f L and f^L are identical and not influenced by the presence of salt. Activities are used for the calculation of the stability constants. The activity coeficients are calculated using the Debye-Hückle expression.
Results and Discussion
All stability constants for the formation of alkali and alkaline earth complexes calculatd from pH-metric and calorimetric titrations and from the increase in solubility of the ligands are given in Table 1 . The accuarcy of the pH-metric titrations is not high enough to calculate stability constants for the complexation of alkali and alkaline earth ions with the ligand (22). Also the heat produced during calorimetric titrations only enables the determination of few stability constants with this ligand. From the literature also no results for the complex formation with alkali ions are available. Only for the reaction of the ligand (22) with alkaline earth cations few results are available from the literature for comparison. Table 1 . Stability constants log Κ (Κ in 1/mol) for the complexation of alkali and alkaline earth cations by Figure 1 have been reported so far. The solubility of these ligands in aqueous solution is not sufficient for the use of common techniques as potentiometry or conductometry for the determination of stability constants. However, from the increase in solubility of these ligands, see Figure 2 , the stability constants of the complexes formed can be calculated. The results obtained from spectrophotometric or from TOC measurements of the solutions saturated with the corresponding ligands are identical within the experimental error. Compared with the unsubstituted ligand (22) all substituents increase the stability of the complexes formed with alkali ions and lower the stabilities of the alkaline earth complexes. Surprisingly the chemical nature of the substituents has no influence upon the complex formation. Thus obviously no additional interactions between the complexed cations and the side arms of the ligands take place. Between the long alkyl chains of the ligand (22DD) and the complexed cations no interactions are expected. However interactions between the π-electrons of aromatic groups in the side chains and cations have been observed in the solid state [7, [10] [11] [12] . These interactions are distorted in solution by the presence of water molecules. Ion-dipole interactions are stronger compared with ion-π interactions. Therefore only in solvents with a low solvation ability additional π-interactions between aromatic groups of the side arms and the complexed cations may stabilize the complexes formed.
In polar solvents only the ion-dipole interactions between the cations and the donor atoms of the ligands are responsible for the complex formation. Alkyl or aryl substituents at the nitrogen atoms changes their Hans-Jürgen Buschmann et al.
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basicity. The bulky groups also reduce the interactions between the ligands and the solvent molecules [4] , Both factors influence the complex formation of alkali and alkaline earth cations with the ligands examined. Without the knowledge of thermodynamic data for the solvation and for the complexation reaction of the ligands no detailed discussion is possible. As a result no further explanation for the observed stability constants can be given.
